Introduction: Academic health centers are reorganizing in response to dramatic changes in
about the care experience to improve care, effective partnerships between clinicians and patients, and a supportive culture. 1 However, creating the organizational system to support continuous learning is a daunting undertaking, particularly in traditional academic health centers (AHCs). 2, 3 Existing literature has focused on the development of learning health systems in highly integrated delivery systems, which may have greater success aligning resources to achieve these changes. For example, Greene and colleagues describe the Group Health model in which research and care delivery are integrated to inform care improvements. 4 Similarly, Psek describes 9 important components when operationalizing a continuous learning system at Geisinger Health System. 5 Creating a learning health system in an AHC involves additional difficulties. Academic health centers have variable organizational structures, spanning the spectrum from "loose" affiliation to full integration. 6 Aligning culture, strategy, and resources is particularly challenging when negotiating across the academic departments, hospital administration, and faculty group practice governing entities typically found in these institutions and is frequently challenged by severely constrained financial resources. [7] [8] [9] Academic individualism, entrepreneurship, and autonomy challenge efforts to standardize care, often impeding efforts to implement evidence-based care models within and between departments. 10 In this paper, we describe one AHC's evolution toward a learning health system. Over a 5 year period, purposeful changes in organizational structure and process were implemented to support the goal of consistently delivering high value care and continuously learning to improve care. This experience represents a practical guide for building the infrastructure to support health systems aspiring to achieve the IOM vision.
| SETTING
University of Wisconsin (UW) Health is a public academic health system consisting of 6 hospitals, 90 regionally based clinics, and a physician practice plan. The 1400-member faculty physician practice group provides care during~2.4 million outpatient visits and~28,000
hospitalizations per year at the university hospital and trains more than 550 residents and fellows across 60 accredited programs. Among
AHCs, UW Health is distinguished by its balance of advanced tertiary and quaternary care with primary care. Nearly 400 primary care providers care for 360,000 medically homed patients at over 40 different clinic practice locations. The organization identifies patients for which it provides a medical home as those who had an identified primary care
provider and a telephone contact or clinic visit across the organization within the last 3 years. 
| METHODS
A series of organization-level changes were implemented in 5 domains of change (Table 1) : goals and strategies, culture, people and processes, learning infrastructure, and technology.
| Goals and strategies
Clear communication and alignment of efforts are needed to achieve system goals but are a difficult task in the AHC with its traditional academic departments and complex governance structures. 10 University of Wisconsin Health employed 3 strategies to achieve this: (1) integrated strategic planning, (2) a unified governance structure for establishing improvement goals, and (3) an internal pay-for-performance program.
Beginning in 2008, the 3 organizations that comprised UW Health initiated a multiyear strategic planning process. Led by the chief executive officers of the hospital and physician group practice plan and the dean of the school of medicine and public health, the combined strategic plan clearly established common goals. A single, organizational quality council was chartered in 2010. The council prioritized improvement needs by using a standard set of criteria, established annual system-wide inpatient and outpatient improvement goals, and tackled barriers to progress. The council was co-chaired by the chief executive officers, and membership included chairs of all 16 academic departments, critical administrative officers, and senior operational leaders at the clinics and hospital. The UW Health Quality, Safety, and Innovation Department provided centralized leadership and improvement resources for achieving the goals set by the quality council. Internal pay-for-performance programs were developed to incentivize the work needed to achieve these goals. University of Wisconsin Health pay-for-performance programs were implemented in ambulatory and inpatient settings and designed collaboratively with local insurers and physician and administrative leaders. Programs awarded improvement and achieving threshold quality performance goals.
| Culture
Culture can be described as the values, norms, and beliefs that help to define "who we are and how we do things here." 17 Establishing a •More than 150 patient and family advisory councils established (see Figure 4) 12-14
•Internal policy work, including establishing protocols for patient volunteers (eg, childcare and transportation) and HIPAA privacy
People and processes •Standard care models for previsit planning, office visits including role optimization, and chronic care management are developed and have been sequentially implemented across primary care sites.
•Developed an innovation grant program with insurance partner 15 Learning infrastructure Sources for the organizational capabilities from the learning health system were Dzau et al, 7 Greene et al, 4 and Psek et al. 5 culture of continuous learning is particularly challenging in academic health settings where there is a healthy tension among the goals of research, education, and clinical care.
At UW Health, patient-and family-centered care provided the unifying principles in support of a common culture. Changes in insurance markets and payment models further reinforced the importance of understanding the patient experience and engaging patients and families in care decisions. From senior leaders to frontline care teams, patient-and family-centeredness was universally identified as a set of values and principles around which the organization would rally.
To this end, the values of patient-and family-centered care were "hard wired" throughout the organization. Patient experience survey results were transparently reported at the physician and advanced practice practitioner level. Goals for patient experience were tied to financial incentives for all academic departments (measured at the department level), and additional incentives were provided to primary care providers. Institution-wide celebrations were hosted through the year to celebrate outstanding performance in patient experience.
Education, training, and engagement goals were introduced to support frontline clinic team successes in involving patients and families in improving care.
12,13
| People and processes
Management teams were critically important in learning how to design, implement change, and continuously adjust processes in response to performance data. Leadership dyads were established at all system levels, ranging from the chief ambulatory medical officer teamed with the chief ambulatory administrative officer to leadership of each patient care unit by a local medical director and clinic manager. Dyads were responsible for reviewing performance, supporting process improvement work, and achieving clinic/unit goals.
Ongoing education and training was provided to these leadership teams in support of their roles.
New partnerships were established to engage critical stakeholders in developing sustainable improvements. Working with external partners, such as local insurers and neighboring health-care providers, provided new opportunities for collaborative learning and funding for innovations in care. 15 Patient engagement in redesign efforts provided invaluable insights to creating patient-centered models of care in both the inpatient and outpatient clinical settings. 12 Participation of patient and family advisors increased dramatically over the years, with advisors routinely populating senior level committees and actively working as team members on major projects such as new facility design.
The organization managed risk by testing new processes prior to formal implementation. For example, new workflows for primary care
were developed in rapid design sessions with various stakeholders including patients, front line providers and staff, and clinic leadership.
These workflows from these design sessions were piloted in a few clinics and then modified in an iterative process ( Figure 1 ) prior to spread across the organization. Ongoing monitoring determined the need for additional changes.
| Learning infrastructure
Critical to success as a learning system, UW Health created a unified center to serve as the institution's knowledge management resource, Dartmouth microsystem principles, 19 and Lean quality improvement methodology. Basic online education about quality improvement was provided to all members of the health system, establishing a "common vocabulary" and providing exposure to a standard improvement method. Teams working on high-priority improvement goals received support from centralized staff who educated and coached teams by using a common system of improvement tools and methods.
An essential phase of the rapid-learning health-care system includes the ability to evaluate the effects of process improvements and then adjust and refine the changes based on this assessment. Effective delivery system interventions are often confined to the site of discovery due to a failure to publish and disseminate successes through scholarly venues. Leveraging new partnerships among the academic health system, health service research, and university departments (law, engineering, and economics) expanded dissemination opportunities from local to diverse international audiences. Effective programs, tools, and other materials are available for free to the public through the HIP's online registration-based portal, HIPxChange.org. 21 For example, our toolkit on engaging patients in care redesign is available at https://www.hipxchange.org/ PatientEngagement.
| Technology
The 
| Measures
We measured performance across the Triple Aim (patient experience, population health, and cost), creating an organizational scorecard to communicate a parsimonious set of improvement goals for the inpatient and ambulatory services. An additional goal for our redesign was an increase in workforce capacity for local problem solving and sustaining improvements, which we measured by workforce education in improvement science and patient engagement.
Data collection and reporting was done at all levels of the health system including physician, unit and clinic, academic and operational department, and aggregated performance across the whole system. In 
| RESULTS
The new and enhanced structures and processes described above Top-box performance of University of Wisconsin (UW) Health primary care patients who strongly agreed "recommend a provider's office without hesitation to others." Satisfaction survey items from the avatar international satisfaction monthly scores were averaged across quarters. The scores were aggregated as a topbox score by using the percentage of patients who strongly agreed (strongly agree, agree, neither agree nor disagree, disagree, and strongly disagree) with the statement that "I would recommend this provider's office without hesitation to others" mammogram screening rates increased from 74% to 79%, pneumococcal vaccination rates increased from 62% to 90%, and colorectal cancer screening rates increased from 69% to 81%.
As described above, training and education in improvement science and skills was offered through a series of tiered courses, combining didactics and experiential learning. The number of learners 
| DISCUSSION
Given the size and inherent complexity of the AHC, one could logically assume that incremental, rather than transformative change, is the only path forward on the journey to becoming a learning health system. Our results challenge this assumption. Using an evidencebased framework, changes in structures and processes were implemented across multiple domains of change. We focused on constructing an infrastructure that supported continuous learning with the goal of improving the value of health services and integrating research and education.
This article contributes to existing knowledge about learning health systems (IOM 4, 5 ) by providing information about critical infrastructure requirements to support organizational competencies for continuous learning. Our paper describes a series of interventions implemented at the organizational level of the health system; however, these interventions had impact through the entire system including patient care, services delivered by frontline care teams, and interactions with insurers. Interventions to achieve strategic goals in quality of care and patient experience in a relatively short period of time were purposefully designed to impact the various levels of the health system in critical domains 11 without attempting to identify the relative impact of each intervention. Individual organizations seeking to design system change can use this framework to build from their strengths and identify specific areas that need growth. 23 The selection of specific interventions will need to vary according to local context and priorities.
Funding new infrastructure is challenging, particularly in loosely integrated systems and those challenged by shrinking operating margins. 10 Aligned goals and integrated strategic planning facilitated the necessary financial and in-kind support from all 3 entities at UW Health. Financial risks were managed through a disciplined improvement and change management approach. Interventions were piloted at multiple sites, adjustments made, and care models adjusted prior to system-wide dissemination. Governance committees used data from tested models to identify required resources for large-scale change. Resources were requested through operating and strategic budgets. Additional funding was available from pay-for-performance programs and insurance partners.
The scale of organizational change described required unwavering support from senior leaders. Aligning goals and strategies across the triple AHC missions of clinical care, research, and education was particularly challenging. Focusing organizational redesign to achieve improvements in the value of delivering patient and family-centered health-care services provided the required alignment to galvanize senior leaders responsible for clinical operations. Leaders in health services research and education also were critical partners in designing new infrastructure.
In conclusion, all health systems are facing increasing pressures to transform care delivery to improve value. Our paper identifies the structures and processes that align with the change domains in a learning health system and outlines how they were coordinated to achieve improvement across an AHC. This experience can be applied to other health systems that wrestle with making system-level change when existing missions, cultures, structures, and processes vary. While other health-care systems may require a different infrastructure to achieve the goals of a learning health system, similarly mapping these structures and processes against the change domains can serve as a useful organizational framework for developing a learning health system.
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